Abstract-This work proposes a formulation to calculate the transmitter power needed to cover cells of different sizes whilst maintaining the average signal to interference-plus-noise ratio (SINR) constant, and near the maximum, for two long-term evolution (LTE) systems operating over non-contiguous frequency bands, 800 MHz and 2 GHz, with an integrated common radio resource management (iCRRM) entity, in the context of spectrum aggregation in an LTE-Advanced scenario.
INTRODUCTION
Most of the spectrum bands suitable for terrestrial wireless communication have already been allocated by the regulatory agencies to existing licensees, which has led to a spectrum scarcity problem. Dynamic spectrum access (DSA) techniques are promising to enable spectrum aggregation with intra operator multi-band scheduling [1] .
Long-term evolution (L TE) [2] includes bandwidth extension via spectrum aggregation (SA) to support 1 Gbps peak rates in downlink and 500 Mbps in the uplink over a wireless connection considering bandwidths of 100 MHz.
Radio resource management (RRM) plays an important role in wireless system design, due to the scheduling algorithm which decides among packets that are ready for transmission. Based on the scheduling algorithm, as well as the traffic characteristics of the multiplexed flows, certain quality of service (QoS) levels can be achieved. Common RRM (CRRM) refers to the set of functions that are devoted to ensure an efficient and coordinated use of the available radio resources in heterogeneous networks scenarios.
A non-contiguous SA (from an upper layer point of view) and an integrated CRRM (iCRRM) entity are proposed in [3] , where SA and CRRM functionalities are handled simultaneously in an LTE-advanced (LTE-A) scenario. The proposed resource allocation (RA) allocates the user packets to the available radio resources in order to satisfy the user requirements, and ensure efficient packet transport to maximize spectral efficiency.
A formulation for the average signal to interference-plus noise ratio (SINR) that allows for setting the basic limits for the dependence of SA with multi-band scheduling on the coverage distance in L TE systems is proposed in this work. This is the first step for a reformulation of the proposal in [3] , according to the characteristics of the LTE system in an LTE-A scenario.
The remaining of this work is organized as follows: Section II provides details of the L TE system model we have considered. Section III presents the topology and the average SINR formulation, which further allows obtaining the normalized transmitter power. Finally, Section IV summarizes the main conclusions from this research.
II. L TE SYSTEM MODEL
The inclusion of the iCRRM in the system model is used to facilitate the best user allocation and maximize the total network throughput in LTE systems. Additionally, we assess a multiband CRRM (MB-CRRM) entity, proposed in [3] , for the 800 MHz and 2 GHz frequency bands in a single operator scenario, under a constant average SINR, considering the L TE Simulator from [4] . As obtaining results from simulations requires to have a balance between the values of SINR from the L TE systems operating at the two bands, we propose a formulation to obtain the average SINR that facilitates to have comparable coverage range between the two co-located systems.
A. Path loss model
The radio channel follows the widely used ITU radio propagation COST-231 Hata model [5] and [6] . We have selected this path loss model for our formulation for its accurateness and simplicity. For medium size cities, the model is given by the following equation:
for urban and suburban scenarios, outside the high rise core, where the buildings are of nearly unifonn height. In (1), R is the base station (BS)/user equipment (UE) separation,j is the carrier frequency, and Dhb is the BS antenna height, measured from the average rooftop level.
Considering two carrier frequencies, 800 MHz and 2 GHz, Dhb = 15 m and a UE antenna of 1.5 m, one obtains the following path loss model:
Let us consider that L TE DL uses orthogonal frequency division multiple access (OFDMA), the frame duration is fixed at 10 ms, which is divided into subframes of 1 ms duration. A subframe consists of two slots of 0.5 ms duration. The BS schedules transmissions every 1 ms, which is known as transmission time interval (TTl), and resource blocks are fonned from the subcarriers for allocation for the DL. In order to obtain comparable results to the ones from [3] , the selected bandwidth is the intermediate value of 5 MHz, which guarantees high bit rates, depending on the type of modulation and coding. Table I summarizes the design parameters, considering real values from a commercial omnidirectional antenna [7] and taking into account the values from [8] . 
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III. TOPOLOGY AND AVERAGE SINR ANAL YSIS
The SA gain is evaluated for several inter-cell distances with a frequency reuse pattern K, equal to three. A similar evaluation was carried in [3] , with a frequency reuse pattern one, then the average SINR was obtained following a similar method to the one described in [9] . As K is increased, the co channel interference in the system is decreased. In order to have comparable results, SA needs to be analyzed at constant average SINR, which is achieved only by tuning the BSs transmitter power.
A. SINR at a given position
According to [9] (chapter 12), for a topology with a mobile station (MS) in a given position (y, 0) and for K = 3, the inter cell BSs distance is 3R, as it is shown in Fig. 1 .
Given a BS transmitter power, PTx, the SINR of a MS at position (x, y) can be expressed by:
where P ow is the power received from the own cell, 0. is the orthogonality factor according to [8] , P,YI is the total amount of interfering power coming from the neighbour cells (6 cells in the case of hexagonal cell deployment model), and the thermal noise power, P ooise , which is a function of the thermal noise received through an ideal matched filter for each modulation, and also depends on the UE noise figure (typical of 7-9 dB for L TE). Then P oOlse is expressed as:
where BW (BW = 5 MHz) is the bandwidth and NF is the noise figure (NF = 8 dB, as shown in Table I ). According to [10] , for HSPA, (1-a)· Pow(Prx,x,y) with a ( [0,1], denotes the average channel multi path orthogonality factor, i.e., the fraction of the total output power that is experienced as intra-cell interference as the channels from the same cell are no longer perfectly orthogonal. Furthermore, for HSDPA, a > 0.9 is often assumed, while for WCDMA, values in the range [0.5, 0.9] are recommended. The authors from [10] mention that, in L TE, eventhough non-idealities (e.g., inter symbol interference due to multi path power exceeding cyclic prefix length, inter-carrier interference due to Doppler spread, transmit signal waveform distortion due to transmitter non linearities) may result in non-negligible own-signal interference, the orthogonality factor is often assumed as unitary for simplicity.
At the 800 MHz and 2 GHz frequency bands, Pow can be represented as: It is given by:
with, 11 = 14 ,h = h, Is = 16 (7) _PL(x.y)i
where 'i(Prx,x,y) = Prx Grx GRx10--1 0-. At 800 MHz frequency band, the following functions for the path loss, PL, stand:
PL (X , y) I,4 = 119,6 + 3 7.2 , log 10 ( 3 2 R J 2 + ( 3 .Ji 2 3R _ y J 2 , Fig. 2 shows the variation of the SINR as a function of the MS-BS distance, d (0 S d S R), with Prx constant and equal to a selected value of 1 dBW. According to the specifications, transmitter antenna gains are Grx800MHz = 3 dBi, and Grx 2 GHz = 3.5 dBi, and receiver gain is G,/x = 0 dBi. Results in Fig. 2 are presented for cell radii of 300 and 1,500 m .
B. Average SINR in the cell
The average SINR within a cell is the SINR measured by a MS with uniform probability density function for its deployment over the cell area. It depends on the cell radius, R, and on the BS transmitter power, Prx, as follows:
The average interference generated by a neighbour cell can be calculated by integrating each fraction of the interfering power over the area of the affected cell. Fig. 1 shows one cell affected by interference in the origin of the coordinates and one interfering cell, at (xo, yo). By integrating over the hexagonal cell area, the average level of the received power from a neighbour cell, T, may be calculated as:
(10) where Acel/nh is the total affected cell area. As the surrounding interfering neighbours are all at the same distance, 3R, Pnh(Prx, X, y) = 6· T(Prx, R). Fig. 3 shows the variation of the average received power and interference with the cell radius for a = l. Details for the calculation of the average interference can be found in [9] . Pow (PTx, x, y) is the average signal power within a cell and it is constant for the same frequency model, no matter what value of K is used.
Calculation of the average signal power within a cell is also shown in [3] , following a similar approach as the one for the average interference calculation, with a different integrand function, which due to the geometry of the problem, has a simpler expression. Equations (11 )- (14) show the results of our integrations as a function of the cell radius, R, for both frequency bands: , , where Acel/nh = 3VR is the area for a hexagonal cell, 2 Acel/ = 3 {R ' -4F r Z is the total integration area to calculate the Z signal/power and own cell interference, and Fr is the Fraunhofer distance (its value is different for each frequency band and depends on antenna characteristics), similar to the calculation in [3] .
By determining the exponent in (11) and (12), we obtain (15) and (16), respectively. 
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To address the possible impact of non· ideal orthogonality [10] , Fig. 4 shows the average SINR as a function of the cell radius, considering two values of the orthogonality factor, w:: {0.9, l}, with PTx = 1 dBW for both frequency bands. The average SINR is higher for a = 1, and decreases as the cell radius, R, increases. At 2 GHz, the average SINR always starts do decrease for lower Rs, and this is more visible, after 600 m, when there is perfect orthogonality (ideal case), a = 1. At 800 MHz, the decrease of the average SINR is also more visible, after �900 m, for a = 1. Fig. 5 shows a comparison of the average SINR for different values of the transmitter power, PTx = -10, 1 and 10 dBW, considering a = 1. As it can be seen, at 800 MHz for PTx = 10 dBW, the average SINR reaches higher values and it is almost constant for the considered range of distances. Besides, at 2 GHz, for PTx = -10 dBW, the average SINR starts to decrease for relatively small cell radius (300 m). For every value of PTx, the average SINR at 2 GHz is more affected by the variation of the cell radius and decreases faster than at 800 MHz, especially for low values of the transmitter power.
C. Normalization Procedure for the Transmitter Power
The goal of the average SINR analysis is to determine a set of transmitter powers, PTx, to be considered in future simulations, in order to have a constant average SINR for all the cell radii. Fig. 5 shows the average SINR in both frequency bands with different BS transmitter powers and a = 1, achieving the maximum values of 19.5489 dB and 19.8416 dB, for the 800 MHz and 2 GHz frequency bands, respectively. Therefore, to calculate the normalized PTx, required in both bands (to maintain such an average SINR constant), we took SINRmax,f -V, where V is the percentage of variation; Table II shows the results for the normalized transmitter powers, PTx, required, with variation V equal to 1, 5 and 10 %. Fig. 6 shows that, as the cell radius increases, the transmitter power required to keep the envisaged average SINR constant increases as well. Fig. 6 Normalized PT, required to achieve a constant average SINR (dB), near the maximum, as a function of the cell radius at 800 MHz and 2 GHz for a =1.
IV. CONCLUSIONS
This work proposes an innovative formulation to compute the average SINR in the context of SA in L TE systems, which comprises an iCRRM entity presented in [3] , and schedules the users between the two L TE systems operating at 800 MHz and 2 GHz, whilst considering the integer programming optimization and considering round robin (or proportional fair) schedulers within each LTE system. Firstly, considering a topology with a frequency reuse pattern K = 3 and the COST-231 Hata model for the path loss, the average SINR in the cell was obtained. The values for the transmitter power were found for different cell radii so that a constant average SINR could be kept.
To assess the possible impact of non-ideal orthogonalities, we have also evaluated the impact of the downlink orthogonality factor in the average SINR, concluding that, as this factor increases, the average SINR becomes higher. In L TE, as it is stated in [11], only inter-cell interference should be considered. In our work, we have also considered a possible non-ideal case, a = 0.9, and compared the average SINR between the two cases .
From the analytical results, we concluded that using the maximum average SINR is not recommended because the transmitter powers would be extremely high. Instead, we have evaluated the transmitter power required to maintain a high average SINR (1, 5 and 10% less than the maximum) for a =1 and verified how the normalized power increases as the cell radius increases. For values of the average SINR lower than the maximum, the required transmitter powers are reasonably lower than in the other cases ( V = 1 and 5 %).
As a future work, besides developing a similar formulation for tri-sector cells and K = 1, we plan to assess our formulation by developing it in the L TE-Simulator proposed in [4] , in order to evaluate our system in terms of output parameters, such as throughput and frame error rate.
